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A model is presented for the depletion of incoming solar Inso-
lation by aim atmosphere with a stratus overcast. In the clear air
above the cloud, the depletion has been accounted for by a scatterings
absorption model due primarily to London [,10 J . Within the cloud, a
spectrally averaged absorption coefficient for liquid water drops is
devised. The effect of this absorption coefficient is to bring about
abnormally high values of absorption. These absorption values are
then reduced to account for scattering, similar to a non=absorbing
scattering theory advanced by Fritz {,4 J . Tests of the solar-
depletion model were made by comparison with pyrheliometer data recorded
under stratus overcast conditions at Pacific Grove, California, during
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LIST OF ABBREVIATIONS AND SYMBOLS
A absorptivity
Ajj absorptivity within the cloud
Ac cloud albedo
Af Fritz'cloud albedo
Awv absorptivity of water vapor
D dlffusivity
g acceleration of gravity
h cloud thickness
c b Insolation at cloud base
t
insolation at cloud top
effective insolation at top of atmosphere
effective insolation at top of atmosphere without infrared correction
^
initial intensity of monochromatic radiation
^ final intensity of monochromatic radiation
Kj ,K2 constants in Davis' equation for water vapor
Ks scattering area coefficient
k average liquid water absorption coefficient
kjtu; monochromatic liquid water absorption coefficient
l thickness of pure water
L mean free path of light
Ly Langley s cal/cm^
m optical air mass s secz
nj number of droplets of radius r\ per unit volume
Pb pressure at cloud base
Pc pressure at cloud top
Pj average pressure in an atmospheric layer
vf





pressure at cloud top
Qf average mixing ratio in an atmospheric layer
r radius of droplet
R sun-earth distance •
RM mean sun-earth distance
rxy linear correlation coefficient between X and Y
S fractional depletion by scattering
S/\ diffusivity due to dry-air scattering
Sq diffusivity due to dust scattering
S
wv
diffusivity due to water vapor scattering
T transmissivity
ub optical depth at cloud base
u
s
optical depth at surface
u t optical depth at cloud top
u' b corrected optical depth at cloud base
u' c corrected optical depth at cloud top
u'
s
corrected optical depth at surface
W length of path through air containing water drops
Xj observed value of surface insolation
yj computed value of surface insolation
Z zenith angle
A Pj pressure thickness of an atmospheric layer
A Uj increment of optical depth in an atmospheric layer
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Solar radiation Is depleted by a number of scattering and absorption
processes in its traverse of the earth's atmosphere. These processes
have been handled in a variety of models some of which treat the deple-
tion in a definite order and others of which allow the various depleting
agents to act simultaneously.
The greatest variation occurs in the manner in which depletion by
clouds is treated. Fritz [ k J presents a theory treating the case
of scattering by non-absorbing water droplets within the cloud. He
indicates that the upper limit to this scattering or albedo increases
toward unity with increasing cloud thickness. Neiburger [llj estimates
a mean cloud absorptivity of seven per cent with little deviation
relative to this value in the case of California stratus. His cloud
albedo appears to approach a definite upper limit of 80% with Increasing
cloud thickness, thus indicating scattering as a more important deple-
tive process than absorption. Neiburger's observations of transmissivity
were consistently greater than those of his estimated absorpti vltles.
Bull rich et al [ 1 ] of the Johannes Gutenberg University, have
found that absorption may exert a marked reduction on scattering in
the case of absorbing aerosols (such as water drops). Their Investi-
gation showed that as the absorption coefficient increased, the scattering
coefficient decreases in a turbid atmosphere.
In this investigation depletion in cloud free layers primarily
follows London's [lOJ model. Within the cloud layer, absorption is
taken as the initial approximation to be the first depletive process.
Secondarily, the scattering depletion is removed from the overestimate

of absorption in a manner suggested by Fritz' theory. The model pro-
posed here gives good agreement with pyrhel iometric observations under
the overcast, and values of cloud albedo in reasonable agreement with
observed values proposed by Fritz [k J and Neiburger [11 J
The model has been used to obtain mean estimates of cloud albedo
and planetary albedo over a black-soil area in Pacific Grove, California.

2. Preliminary procedure
During the period from May to September 1964, Cole and Brown [l ]
obtained data from a continuous recording pyrhel iometer which they
mounted at Point Pinos in Pacific Grove, California. In their paper
they list cloud amounts as well as the cloud tops and bases as
reported by airline pilots over this point. Both reporting times and
cloud data were communicated accurately to the Monterey airport control
tower by the cooperating pilots, and these data were systematically
collected, along with pyrhel iometric traces, in the Cole and Brown paper.
In this study, a random set of 22 overcast cases with all the
other reports available, including a recent radiosonde, was made at
reporting times ranging between 0730 to 1030 PST.
Since upper air soundings are not taken at Monterey, the 1200
GCT (0400 PST) Oakland sounding was plotted for each of the 22 days
selected. The cloud layer was marked on these soundings and the optical
depth ( AiU.) computed for successive sounding intervals isl,---, n
from the top to the bottom of the sounding by the formula:
Al U - (lOOO/g) Q+ /\p^ (1)
The integrated optical depth was obtained by summing these
intervals in three steps: (1) 200 mb to cloud top (2) cloud top
to cloud base (3) cloud base to surface. The corrected optical
depth of a thin layer of central pressure Pf Is obtained by:
A* a' = iooo/R CpVp ) Q*- APu. (2)

Here the factor (P| /P ) represents the multiplicative correction
factor to Aj^LL in expressing the pressure broadening effect of air
on water-vapor absorption. The integrated corrected optical depth is
then summed in a similar manner to that employed for optical depth.
The solar constant, 2.00 ly(min)
,
was then corrected for
various factors. In accordance with Johnson's [8 J analysis, .095
ly(min) was subtracted for ultra-violet absorption above the tropo-
sphere and ,066ly(min)"' was subtracted for the Infrared correction
due to water vapor absorption in wave-lengths greater than 2.4 microns.
The resultant value 1.839 ly(min) ' Is multiplied by (RM/R) to compen-
sate for sun-earth distances different from the mean (Rj^ 92.6 x 10 mi)
The zenith angle (Z) for each date-time case was obtained from
the Smithsonian Meteorological Tables f 9 J . The time was taken as
the exact reporting time of the airline pilot. From the tables the
optical air mass, m sec^was readily computible. As a further
correction, the reduced solar radiation was multiplied by cosZ, giving
the "effective" starting lnsolation(l ) :
Xo = J.83? C r"/r).*- COS 2. (3)
The insolation at the top of the atmosphere is then depleted
as described in the following sections.

3. Depletion above the cloud layer
The depletion from the top of the atmosphere to the top of the
overcast was essentially computed after London [10 J . The final
expression for the insolation at the cloud top is of the form:
Xct - Io[ l-Awv - a^SA - ~kSo -
~if Sw/
with the symbols defined as follows:
l ct insolation at cloud top
l corrected insolation at top of atmosphere
Awv absorptivity due to water vapor
Sp diffusivity due to dust scattering
S^ diffusivity due to Rayleigh* scattering by dry air
Swv diffusivity due to water vapor scattering






corrected optical depth at cloud top
The values for A
wy , Swv> and S/^ were obtained, for simplicity,
from empirical curves (fig. 1) developed by Houghton [ 7 J . These
curves yield values of transmissf vlty ("$) accurate to two significant
digits from which diffusivity (D) or absorptivity (A) is obtained by
the equations:
D= l-T A= l-T
Transmissivf ties after water-vapor scattering and absorption
are functions of optical depth (u) and optical air mass(m) reduced by





Transmiss? vi ty due to Rayleigh scattering is a function only
of optical air mass and therefore the entering argument is (mPc)/P .
The transmissi vi ty after dust scattering has been taken following
both Houghton f 7 J and London [ 10 J :
td =c.«?5-;)m */*
In equation (k) various coefficients (such as £ or £) of the
diffusivity or absorptivity are taken as the net depletion depending
on the particular scattering or absorbing process involved. The
coefficients are based primarily on London's model [10 J .
Rayleigh scattering by dry air Is considered isotropic and
therefore one-half of S» acts to deplete the insolation. Similarly
one-half of S n is taken as depletion, the depletion being caused
equally by back-scattering and absorption.
The factor 77 multiplying Swv is also modeled after London, with
the implication that the one-fourth of the scattering depletion by
water vapor is scattered to space, while three-fourths is scattered
down. The reason for this asymmetry is not clear, although, the most
plausible reason in the relatively dry Pacific summer air may be
associated with a positive correlation between the dust and water
vapor contents of the air. However, it should be noted that water
vapor absorption has been removed from the 3A S D , whereas the full
£ Sq Is considered to be part of the planetary albedo.
In equation (k) the other factor in brackets multiplying 3A Swv
represents the fraction of S actually absorbed by water vapor. This
absorption factor has been given by
K, C IS mu'^2)

after Davis [ 3 J . Davis cites the values of the constants K] , K2
as Kj - 0.100, «2 = 0.300 for cloud tops below the 500 mb level, and
Kj = 0.4, K2 s 0.084 for cloud tops above the 500 mb level. The
factor 1.5 was applied to correct the direct-beam path in order to
account for the greater path length involved in scattering, especially
when multiple scatterings are considered. Implicitly, this same
factor, 1.5, has been "built into" S^ and Swv , since Houghton's curves
(fig. 1) are modifications of scattering observed by the Smithsonian
Institute group.

k. Depletion within the cloud layer
The insolation at the cloud base (\ c \i ) has been computed In
accordance with the formula
-£ /.62 rr\l
(5)
With the exception of the wavy-underlined term in parentheses,
the expressions are exactly as identified in the preceding section.
The values of A
wv ,
S., and Swv are obtained from Fig. 1 as
before, except the entering argument for the water-vapor terms Is
1.62 ("bPb'UtPt^o' For the Rav1e '9n scattering term 1 .62m(Pb=P t )/P
is used, where "b" and "t" subscripts refer to the base and top of
the cloud, respectively.
The factor 1.62 is applied either directly or indirectly to
the path length in all terms in the cloud. This factor was suggested
by Houghton [_7 ] to account for the fact that diffused sky light emerges
from the cloud base. It expresses the greater scattering probability
within (and below) the cloud than above it, where the corresponding
factor was 1.5.
The depletion by dust diffusivity is ignored as it is more than
compensated for by liquid-water scattering and absorption as described
below. The major change within the cloud layer is due to the effect
of absorption by liquid water.
Recall that for water-vapor
. scatter i ng and absorption, Houghton's
empirical graphs f 7 ] , applicable over the entire solar spectrum,
were used. A similar approach was considered desirable in dealing
with liquid water absorption,

For values of K aw listed In the Smithsonian Meteorological
tables [q f P.i^7 for liquid water, one may write the monochromatic







l ^ initial intensity of a parallel beam of monochromatic
radiation
I A intensity after passing through water
JL thickness of liquid»water absorbing path
^xi*> absorption coefficient
Table 1 56 of the Smithsonian Meteorological Tables [$ J lists
absorption coefficients for comparatively small wave-length intervals
from .310 to 2.650 microns. One way of obtaining an average absorption
coefficient, which would act uniformly over the entire solar spectrum,
is to average all the R%uj with respect to X from .310 to l.kk
microns. Each KAto is weighted by the length of the wavelength
interval for which it is listed. The mean value computed by this
method, denoted K , becomes
K = l(o. Q? cm'
1
This value was taken to be 17.0 cm for computational purposes.
The value of JL
, the thickness of the water^absorbing path Jn
centimeters per cm* of beam was found by using the known cloud thick-
ness and arbitrarily assuming a constant water density of 0$ g/m^.
The actual thickness of water traversed by the insolation was found
by multiplying^ by the recurring factor 1.62m. The expression for
9





The value for depletion by this term is naturally unreal istical ly
high as this computation of an average absorption coefficient spreads
the effects of strong absorption in the infrared into the visible
region where the Smithsonian Tables [9 J Hst small coefficients.
However, in the actual computation with the average )£, , the liquid-
water absorpti v? ties reduce the entering insolation at cloud tops by
kO to 70 %. Hence, these absorpti vi ties have been reduced by the




5. Discussion of the liquid water absorption term
As just noted, the values obtained for liquid water absorption
are overestimated. However, this procedure gives values closely
approximating the total depletion by the cloud. As already noted,
this overestimated absorption must be reduced by upward scattering.
Houghton and Chalker |_ 6 J developed an expression for the
transmission after scattering of radiation by water droplets in air:
T - /l = C (7)
I initial intensity of parallel beam
I intensity after passing through water droplets
W path length in centimeters through air containing
water droplets
n. number of droplets of radius r« in a unit volume
K scattering-area coefficient
In the Hough ton -C ha 1 ker approach the Mie scattering theory was
used. Here the scattering coefficient (K
s )
is a function of the
parameter:
27rr/A
r radius of the droplet
* wavelength of incident radiation
The scattering coefficient is less selective with respect to wave-
length as the ratio of particle diameter to wavelength becomes large
(see Fig. 2). Equation (7)could then be summed for all water droplet
sizes present, and would be averaged over the spectral interval





Fig. I. Atmospheric transni ssioo curves, (after Houghton) I: transmission
due to water-vapor scattering XI: transmission due to water=vapor
.^aJ^orpit-Lon III; transmission due to scattering by dry, dust free air..







Fig. 2. Scattering area coefficients for water drops in air as a
function of droplet radius (r) and wavelength (A). ["After Houghton
and Chalker ( <b )
.J

For values of <X — 6.0 t there is considerable scattering
associated with a series of maximum and minimum values of Ks . Since
o< is a function of r and X , it can be seen that a cloud having
a varied spectrum of drop sizes will have drops of the appropriate diam-
eter to give fairly uniform amounts of scattering over a wide range of
wavelengths. In other words, scattering is essentially diffused over
all wavelengths of the solar spectrum within the cloud droplet medium.
Samplings of drop sizes in stratus clouds by Neiburger [^indicated
such a diversity of drop sizes.
Hewson's [51 investigation tended to show that reflection from
clouds was reasonably independent of wavelength, throughout the visible
region and up to ] ,k microns in the infrared. Thus, since the
scattered extinction is essentially independent of wavelength, and
our synthetic absorption-extinction has been forced to be independent
of wavelength, a realistic portion of the overestimate of this diffuse-
wavelength absorption can be considered to account for diffuse scattering
by water droplets, which will then also be diffuse relative to wave-
length.
Consequently, we are approaching an albedo first as a result of
enhanced absorption (temporarily neglecting scattering). The approach
is analogous, but with an opposite starting point, to that of Fritz [k J
who develops an albedo based upon the consideration of scattering with
no absorption. Presumably, his values of albedo would have to be
reduced if liquid absorption were proceeding simultaneously, a result




The value for cloud albedo is obtained from the equation:





Ap cloud albedo as derived by Fritz
A deficiency of the Houghton-Chal ker [6 J scattering theory is
that with constant droplet size it leads to abnormally large forward
scatter. Fritz [2+ J attempts to correct this deficiency by intro-
ducing random orientation of second and higher order scatterings.
Thus, Fritz obtains values in fairly close agreement with cloud
albedos measured by Nei burger £llj for deep cloud layers. However,
Neiburger's cloud absorpti vi ties appear to be too small in light of
the Mie theory.
Fritz obtains cloud albedo as an increasing function of h/L
and zenith angle. Here h is the cloud thickness and L is the mean
free path of a scattering occurrence given by Fritz as
Here N« is the number of drops of radius r. per cubic centimeter.
The summation is taken over all droplet sizes present. For this
investigation an extrapolated value of h/L was obtained using a
constant water density of0.5g/m > and a cloud thickness of 1000
feet. The extrapolation based upon observed h and an assumed droplet
density equal to that of Neiburger's is shown in table I.
14

Table 1. Some va ues o f h/L a nd associated water densities
(a) (b) (c) (d) ' 1
Average water
density (g/nr)
0.19 0.30 0.3*+ 0.50
h/L k.2 6.8 7.5 10.9
(a), (b), (c) are seslec ted cases from Neibu rger's f 11 J study.
Case (d) is extrapolated for use i n trlis study.
As shown above, the extrapolated value of h/L thus obtained was
h/L = 10.9
For cloud thicknesses different than 1000 feet, values are
obtained from the formula
that is, L has been considered to be constant throughout the data-
sample of this study. With the value of h/L thus obtained, and the
zenith angle known, the albedo is obtained from fig. 3 after Fritz £*+ J
In this figure, Fritz considered no cloud absorption, so his values
of cloud albedo are considered too large. For this reason, the value
of the cloud albedo is appl ied only to the depletion original ly desig -
nated as due to extinct! on by cloud water and not to the total inso-
lation incident at the cloud top. In addition, equation (8) adds to
this component the minor components due to upward scattering by dry
air and water vapor to obtain the final value for cloud albedo. These
minor additions are handled similarly to the procedures for upward
scattering employed in section 3.
It should be noted that the cloud albedo is defined as the
reflectivity which would be observed just above the cloud, and not
that which would be observed at the top of the atmosphere.
15






Fig. 3. Cloud albedo as fumctHoim of h/L for various values
of zen?th ®m>g1e. Underlying surface albedo and sky
radiation zero. [After Fritz ( H" ) • J

7. Depletion below the cloud base
The formula for insolation at the earth's surface (I s ) may be
written
^5w,K,[/.«m(:a'5-u'Jj Kj l <"»
The factor 1.62 is applied to m in all cases to allow for the
diffuse nature of the radiation below the clouds. All terms are as
defined in previous sections.
All water vapor terms are obtained from Fig. 1, using the




~u. P^J/Pq, while the Rayleigh
scattering term is obtained with 1 .62m(P
s -Pb)/P as the independent
variable for entering the graph. Here "b" and "s" subscripts refer
to the cloud base and earth's surface, respectively.




The results of the computations involved in the model are
tabulated in tabled. The values given for the various depleting
agents must be multiplied by the value of insolation incident at the
top of the layer in which they operate to obtain a value of depletion
~1
in ly/(min)
As a check on the accuracy of the model, a correlation analysis
between the observed and the model -computed values (x and y, respec-
tively) of surface insolation was performed. Graphical results,
depicted in Fig. k„ indicate that a high positive value of the linear
correlation is to be expected. The simple correlation coefficient
between paired values of computed and observed surface insolation
was computed. The value of the resulting correlation coefficient
was
with a linear regression equation
As a test of the significance of this correlation coefficient,
the F-test was applied in the form suggested by Panofsky and Br?er(12J
I- ~ I- r*yx
where N is the number of I independent data-pairs (x;,yi).














Scatter diagram of computed insolation against observed, with







Statistical tables of F values with I and 20 degrees of freedom
indicate that the linear correlation Is significantly different
from chance at a confidence level well in excess of 99.9% prob-
ability.
From table k (see Appendix) , computed mean values of the undepleted
solar insolation and its subsequent disposition are computed based
upon the averages of the present sample. The computations extend
progessively from the top of the atmosphere to the surface and are
summarized in table 2. Consequent ly, it was necessary to add
iacfe the infrared correction, converted to an insolation, thus
modifying the "starting" insolation (l Q ) of equation 3 to \l . since
this is energy absorbed by atmospheric water vapor. The infrared
correction, converted to an insolation, represents a mean addition of
O.OMt ly(min)
,
to the mean of I computed from table k. Of this
additional insolation, two-thirds is assumed to be absorbed above the
cloud, and the remaining one-third within the cloud. This subdivision
is somewhat arbitrary; however, some allowance has been made for the
pressure broadening and also scattering. The latter tends to lower
the level at which absorption takes place. Because of the nature of
the surface (dark soil) at the pyrhel iometer installation, the surface
albedo has been taken to be zero.
In table 2, the mean cumulative fractions of absorbed and
scattered energy as well as of cloud albedo are computed based upon
averages of appropriate columns in table k. One may also estimate
the planetary albedo as viewed from space. This includes the full
contribution of back-scatter under column I of table 2 (since this was
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together with the cloud albedo reduced by the mean absorptivity of the
space above the cloud. Jn connection with the latter, no allowance is
made here for downward scattering of the beam reflected from the cloud
since it is felt that ample allowance was made for this process in
those computations made "above the cloud" in table**. However, the
upward reflected beam is subject to absorption in much the same
manner as was the downward insolation. Since the infrared - corrected
wavelengths have been removed, the mean transitu ssivity to be applied
to the cloud reflection is




and the cloud energy thus transmitted to space is 21 ,h%. The
subtraction l 8
.
7 - 2.9 indicates that the infrared - correction energy
has been deleted. Thus an estimate of the cloud albedo which reaches





9. Further statistical considerations of the computational model
Two regression analyses were made in this study to test the reality
of the computational model. The first,, correlated computed against
observed values of the surface insolation and led to surprisingly good
results.
In order to test the theoretical behavior of the cloud albedo, a
linear multiple regression of computed Ac as a function of the indepen-
dent variables cloud depth (h) and secZ was conducted. It is realized
that both independent variables have been built into Ac (equation 8 )
and therefore, there is actual functional dependence upon them. However,
the purpose of this approach is to determine how much each variable
contributes to the computed variation Ac-Ac and to estimate the physical
reality of the induced change. The multiple regression is developed
in the convenient form below after Panofsky and Brier [ 12
c
- - ^3 " 12.3 7" *W M3.4 st-
CO go &}
where K^, K^ are defined as follows:
Here numerical labels 1, 2, 3 have been introduced under each term in
the regression equation in order to simplify the notation, and the use
of reference formulas. The results of the CDC computer multiple
regression analysis (based upon B8MD 06) for the 22-case sample are
summarized in table 3.
23

Table 3. Results of the multiple regression analysis.
Sample meaims Standard deviations Simple correlation
coefficients
Ac Ti ffi cr, crz az rl3. rx% r2l







0.9737 0.9871 By h: 30.03
By m: 67.35
Per cent variance not explained by regression: 2.62
Multiple regression coefficient ^
| 23 = 0.9965
Although Ac depends functionally upon h and m, it is of interest
to see how close a result to linearity this theory gives. The multipl
correlation coefficient Rj 23 " 0.9965, and therefore the final result
is
e
A - o^G2>l - 0~ r23 J' Co>o?&i8*)
L V- 3oo./? J + ^ ^ 0.33£0 J]
Thus, within the range of statistical validity of the multiple
regression analysis, the cloud albedo determined by the model was a
linear function of cloud depth (h) and optical air mass. !f one
applies the multiple regression equation to a total cloud depth h-h
3.0(300.19 ft), of approximately 2000 ft, the albedo is increased from
0.3618 to 0.4819, a rather nominal increase compared to Kelburger's \^l\\
observations in 2000-foot clouds.
2h

The equation used to obtain A In the preceding sections was
essential ly
where A^ absorptivity within the cloud (over estimated)
Ap a Fritz' determination of cloud albedo
Equation 11 , as written, is in the usual form of the intensity of
the direct insolation Inside the cloud provided the total scattering
fraction S s A p . Furthermore, equation 11 tacitly assumes that
absorptivity and upward cloud reflectivity are proceding as independent
probability functions. An alternative computation which would lead to
higher values of Ac is the following
Ac. - Xtt Ap - ^Ct ^ A± (12)
where k < 1 .0 is a fraction (to be determined under various conditions)
concerning the center of gravity of the penetration depth from which
the scattered radiation emerges, as well as the droplet concentration
and "size". Thus, for example, Neiburger's 111 ] drop size determinations
show a sharp decrease in mean diameter as the top of the cloud Is
approached. If the drops near the top are of submicron size, they
become very effective scatterers in visible light, while absorbing
little solar radiation, since the total water content is small In the
top stratum of cloud. This effect appears to be of most probable
occurence near noon when insolation at cloud tops is likely to cause
evaporation and size reduction of the drops. Of course, the situation
will no longer be governed by equation (12)when holes develop in the
clouds, since reflection from the sides then adds a bias in the downward
direction giving rise to greater surface insolation.
25

Actually an expression like equation (12) Is predicated tipori
'tnQ' generalized Mie theory, which takes account of both scattering
and absorption depletion effects. For "thin" clouds of the order of
1000 - 300 ft, the theory developed here seems to give results com-
patible with those observed both for surface insolation and upward
scattering.
The author wishes to express his appreciation to Professor
Frank L 9 Martin for his guidance in the preparation of this paper,
and to LCDR Leonard Io Cole and LT Dale S. Brown for the use of
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May 32°19' 1.517 0.028 0.100 0.055 0.008 0.0025 1 .22U
22
May 38 40' 1.402 0.030 0.105 0.058 0.006 0.0024 1.121
May 49 20' 1.168 0.035 0.116 0.065 0.010 0.0040 0.899
30
May 37°59' 1.409 0.030 0.100 0.060 0.006 0.0021 1.131
31
May 36 40' 1.432 0.029 0.105 0.060 0.008 0.0026 1.140
3
Jun 61 30' 0.851 0.049 0.142 0.088 0.019 0.0081 0.591
13
Jun 50°00' 1.145 0.036 0.150 0.068 0.021 0.0093 0.820
26
Jun 52°12' 1.090 0.038 0.130 0.066 0.016 0.0068 0.811
28
Jun 37°42' 1.406 0.029 0.106 0.058 0.006 0.0023 1.122
29
Jun 32°12' 1.504 0.027 0.110 0.052 0.007 0.0025 1.206
5
Jul 39°20' 1.373 0.031 0.123 0.060 0.012 0.0051 1.056
6
Jul 44°50' 1.260 0.033 0.130 0.062 0.016 0.0072 0.947
Jul 36°40' 1.426 0.029 0.124 0.060 0.012 0.0049 1 .098
18
Jul 57°40' 0.953 0.043 0.160 0.080 0.025 0.0121 0.648
25
Jul 52°20' 1.088 0.038 0.174 0.070 0.031 0.0159 0.730
29
Jul 52°20' 1.091 0.038 0.165 0.072 0.026 0.133 0.747
30
Jul 37°00' 1.426 0.028 0.133 0.055 0.014 0.0058 1 .089
8
Aug 63°50' 0.787 0.052 0.165 0.088 0.025 0.0121 0.517
11
Aug 50°59' 1.127 0.036 0.142 0.070 0.019 0.0081 0.817
13
Aug 37°42' 1.418 0.030 0.136 0.058 0.016 0.0069 1 .068
14
Aug 41°00' 1.353 0.030 0.122 0.058 0.012 0.0045 1.047
15
Aug 63°40" 0.796 0.049 0.125 0.088 0.014 0.0056 0.572
28

Table 4. Part 2. Computations associated with depletion within the
cloud
Date l ct h Absorp. £SA £SWV Awv W.V. I_
ly/min by liquid absorp. of ly/mln
water 3/4Swv
18
May 1 .22^ 1000 0.393 0.001 0.005 0.068 0.0012 0.651
22
May 1.121 900 0.38** 0.002 0.004 0.065 0.0010 0.609
23
May 0.899 1000 0.474 0.004 0.005 0.069 0.0012 0.401
30
May 1.131 800 0.349 0.005 0.004 0.060 0.0008 0.657
31
May 1.140 1200 0.479 0.012 0.005 0.070 0.0012 0.494
3
Jun 0.591 900 0.550 0.007 0.007 0.104 0.0014 0.195
13
Jun 0.820 700 0.366 0.007 0.008 0.100 0.0016 0.425
26
Jun 0.811 1100 0.531 0.010 0.007 0.100 0.0016 0.284
28
Jun 1.122 1000 0.411 0.007 0.005 0.080 0.0012 0.556
29
Jun 1.206 1100 0.422 0.007 0.004 0.075 0.0009 0.592
5
Jul 1.056 1100 0.451 0.002 0.002 0.055 0.0004 0.518
6
Jul 0.947 1000 0.446 0.004 0.004 0.077 0.0010 0.443
7
Jul 1.098 1100 0.443 0.005 0.005 0.080 0.0012 0.511
18
Jul 0.648 750 0.462 0.008 0.004 0.075 0.0009 0.291
25
Jul 0.730 1000 0.497 0.010 0.006 0.095 0.0015 0.285
29
Jul 0.747 noo 0.536 0.010 0.005 0.087 0.0012 0.270
30
Jul 1.089 1900 0.632 0.008 0.008 0.105 0.0021 0.268
8
Aug 0.517 900 0.575 0.002 0.006 0.095 0.0014 0.165
11
Aug 0.817 1000 0.488 0.002 0.006 0.090 0.0013 0.338
13
Aug 1.068 1300 0.498 0.002 0.006 0.092 0.0015 0.429
14
Aug 1.047 1800 0.632 0.005 0.008 0.105 0.0021 0.260
15
Aug 0.572 1500 0.757 0.010 0.008 0.100 0.0018 0.071
29















May 0.651 0.002 0.100 0.005 0.006 0.0015 0.577 0.470
22
May 0.609 0.002 0.080 0.005 0,005 0.0013 0.552 0.410
23







0.657 0.002 0.060 0.010 0.004 0.0008 0.607 0.515
0.494 0.001 0.025 0.008 0.001 0.0001 0.478 0.430
0.195 0.001 0.073 0.001 0.005 0.0010 0.179 0.240
13
Jun 0.425 0.001 0.075 0.001 0.005 0.0010 0.390 0.410
26
Jun 0.284 0.002 0.090 0.002 0.006 0.0014 0.255 0.290
28









0.592 0.002 0.090 0.004 0.006 0.0015 0.531 0.540
0.518 0.001 0.070 0.002 0.001 0.0001 0.480 0.450
0.443 0.001 0.065 0.001 0.002 0.0003 0.413 0.320
0.511 0.001 0.060 0.002 0.015 0.0028 0.469 0.330
18
Jul 0.291 0.002 0.090 0.010 0.006 0.0014 0.259 0.240
25
Jul 0.285 0.001 0.065 0.009 0.003 0.006 0.263 0.260
29







0.268 0.001 0.068 0.010 0.004 0.0009 0.246 0.165
0.165 0.001 0.080 0.002 0.006 0.0011 0.150 0.140
0.338 0.002 0.104 0.004 0.008 0.0020 0.297 0.280
13
Aug 0.429 0.001 0.065 0.001 0.002 0.0005 0.399 0.390
14
Aug 0.260 0.001 0.078 0.001 0.005 0.0012 0.238 0.310
15
Aug 0.071 0.0035 0.120 0.010 0.012 0.0034 0.060 0.060
30

Table 4. Part 4. Computations concerning cloud albedo.
Date Z h h/L AF% liquid A p fjs^ Ac%
feet water applied to <+
absorp.l iquid water! £sw
absorp.
18
May 32° 19' 1000 10.9 64 0.393 0.251 0.006 25.7
22
May 38° 40' 900 9.8 65 0.384 0.250 0.007 25.7
23
May 49° 20' 1000 10.9 72 0.474 0.341 0.010 35.1
30





36° 40' 1200 13.1 69 0.479 0.331 0.016 34.7
61° 30" 900 9.8 74 0.550 0.407 0.014 42.1
13
Jun 50° 00' 700 7.6 66 0.366 0.242 0.014 25.6
26
Jun 52° 12' 1100 12.0 73 0.531 0.388 0.017 40.5
28









32° 12' 1100 12.0 66 0.422 0.279 0.011 29.0
39° 20' 1100 12.0 69 0.451 0.311 0.004 31.5
44° 50' 1000 10.9 70 0.446 0.312 0.008 32.0
36° 40' 1100 12.0 68 0.443 0.301 0.010 31.1
18
Jul 57° 40' 750 8.2 70 0.462 0.323 0.012 33.5
25
Jul 52 ° 20
'
1000 10.9 72 0.497 0.358 0.016 37.4
29







37° 00' 1900 20.7 79 0.632 0.499 0.015 51.4
63° SO- 900 9.8 74 0.575 0.426 0.009 43.5
SO" 59* 1000 10.9 71 0.488 0.346 0.022 36.8
13
Aug 37° 42' 1300 14.2 72 0.498 0.359 0.007 36.6
14
Aug 41° 00' 1800 19.6 80 0.632 0.506 0.012 51.8
15
Aug 63° 40' 1500 16.4 80 0.757 0.606 0.018 62.4
31







